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TEMPERATURE SENSOR 



Background of the Invention 
The present invention refers to a temperature sensor on the 
basis of a thermocouple constituted by two different metals. The 
first metal is provided in the form of an electrically insulated 
wire, having a blank uninsulated portion. The second metal is con- 
stituted by a jacket member enclosing the insulated wire. The 
jacket member is in electrical contact with the insulated wire via 
the blank uninsulated portion to thereby form a measuring junc- 
tion . 

For measuring a temperature, a variety of sensor members are 
used, amongst else also on the basis of thermocouples. Since the 
air temperature is probably the most frequently measured value 
worldwide, in the following, the problems occurring upon measuring 
the temperature of the air in the free atmosphere are discussed. 

Superficially considered, the measurement of the air tempera- 
ture appears to be a very easy task; however, measuring the air 
temperature may pose problems in many cases, for example upon 
measuring in higher regions of the atmosphere. For example, radio 
sondes climb to altitudes of 30 '000 meters and more where measur- 
ing the temperature is complicated by the low density of the air. 
In an altitude of 30 '000 meters, the barometric pressure is typi- 



cally 10 hPa, i.e. hundred times less than at sea level. Moreover, 
the solar radiation amounts to 13 0 mW/cm 2 per day. 

Since the temperature sensor provided for measuring the tem- 
perature has to be exposed to the ambient air, it is heated up by 
the solar radiation absorbed by its surface. A radio sonde climbs 
with a velocity of typically 5 m/s. The air flow thereby caused 
ventilates the temperature sensor whereby a portion of the absorp- 
tion heat is lead away. In addition to the solar radiation, also 
the infrared radiation has to be considered. At night, in many 
cases, the temperature sensor emits infrared radiation having a 
long wavelength and consequently cools down. Together with the 
heat exchange with the ambient air, a thermal equilibrium estab- 
lishes. Thus, the temperature sensor does not adopt the real air 
temperature, but it measures a temperature distorted by the radia- 
tion error. Consequently, the temperatures delivered by the radio 
sonde usually are too high during the day and too low at night. 

By means of modern computer technology, such an error can be 
arithmetically compensated at the receiving station. However, the 
accuracy of such arithmetic .error compensation is limited. Even if 
the direct solar radiation is exactly known, other radiation in- 
fluences like the infrared radiation and particularly the reflec- 
tion of the solar radiation at the earth surface and at the upper 
limits of the clouds, the so-called Albedo, are subject to consid- 
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erable variations and, therefor, can be compensated for only ap- 
proximately . 

Consequently, regardless of the arithmetic correction of the 
measured values, a radiation error of the temperature sensor as 
low as possible is most desirable. 

The radiation error of a temperature sensor and the measuring 
junction, respectively, is influenced by the flow velocity that 
itself depends on the particular application; it can be minimized 
by means of the following methods: 

• design of the temperature sensor and, particularly, of the 
measuring junction as small as possible; 

• high reflectivity of the surface of the temperature sensor 
subjected to the radiation, effective for all wavelengths 
of light and heat radiation present in the atmosphere. 

For temperature sensors to be used in conjunction with radio 
sondes, nowadays, usually resistors or capacitors are used having 
particularly pronounced temperature dependent resistance and ca- 
pacitance, respectively. The diameter of the rod-shaped or ball- 
shaped sensors varies between 0.2 and 2 mm. Moreover, for fixing 
the sensors and for the electrical connection thereof, wires and 
frame members are required. These additional means influence the 
heath balance "radiation/convection" in a negative sense, i.e. the 
radiation effect increases. Both the sensor as well as its suspen- 
sion are surface treated with reflective layers. Thereby, white 



lacquers or metallic coatings are used. As a metallic surface, 
nowadays, nearly exclusively aluminum is taken into consideration. 
Nevertheless, only with enormous efforts, one succeeded in manu- 
facturing temperature sensors having the afore mentioned desirable 
small dimensions. Thus, the temperature sensors based on resistors 
and capacitors usually have to be individually calibrated in order 
to meet an accuracy of for example ±0.3°K in the region of -90°C to 
+5 0°C. On the other hand, those sensors have the advantage of a 
relatively large swing, rendering the electronic signal processing 
much more easy. Using such temperature sensors, radiation errors 
in the region of 1 to 3°K may occur during daytime in heights of 
30 '000 meters. 

Prior Art 

In the publication "H. Schmidt: Schnelle, koaxiale Mini- 
Thermoelement e [Technisches Messen ATM, Vol. J242-2, March 1973, 
pages 53-56]", coaxially designed thermocouples are disclosed, 
having an outer diameter of < 90um. Thereby, the one thermocouple 
metal is constituted by a metallic wire encapsulated by quartz 
glass, inserted into a glass capillary tube and molten in therein. 
The metallic wire projects by a few millimeters out of this glass 
capillary tube. The glass capillary tube, together with the metal- 
lic wire, is inserted into a metallic tube member that is applied 
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to the glass by ion plasma atomization, resulting in an electric 
connection between the metallic tube member and the projecting 
wire. Thereby, the real measuring junction is formed. 

The document FR 2,108,462 discloses a thermocouple in which 
the one metal of the thermocouple is constituted as a Taylor wire, 
molten into a glass capillary tube. The other metal of the thermo- 
couple is constituted by a coaxial jacket around the glass capil- 
lary tube. The Taylor wire molten into the glass capillary tube 
projects somewhat out of that tube, with the result that the con- 
tact location between Taylor wire and jacket constitutes the ther- 
moelectrically effective measuring junction. 

The document FR 988,103 discloses a coaxially designed ther- 
mocouple as well, in which the central conductor is insulated vis- 
a-vis the tube-shaped conductor surrounding it by means of a pow- 
dery insulating material. The rear end of this thermocouple is 
provided with solder joints for attaching connecting wires 
thereto . 

The document US 3,348,589 discloses a method of manufacturing 
thermocouples and the thermocouples manufactured according this 
method. Thereby, a coaxially designed thermocouple is suggested, 
comprising a central wire and a tube-like conductor surrounding 
the central wire. For positioning the central wire inside the 
tube-like conductor, a tube-shaped insulation member is provided, 
whereby the central wire is in electrical contact with the tube- 



like conductor at the tip of the thermocouple, thereby forming a 
measuring junction. 

The document EP 0,570,239 discloses a thermocouple consisting 
of a plurality of insulating and conducting layers. Thereby, a 
central wire having an insulation coating is provided. Applied 
onto that insulation coating, a conductive layer is applied that 
is in electrical contact with the central wire in the region of 
the tip thereof, thereby forming the measuring junction. At the 
rear end of the thermocouple, annular soldering lugs are provided 
to which connecting wires can be soldered. 

The document EP 0,140,631 discloses a thermocouple in which a 
central conductor and a jacket member surrounding the central con- 
ductor are provided, whereby the front end of the central conduc- 
tor is welded to the jacket member to form a measuring junction. 
The central conductor consists mainly of copper, while the sur- 
rounding jacket member is made of essentially copper-free mate- 
rial. The welding seam is said to contain less than 10% copper. 

Finally, the document " Thermoelement e mit einer Ansprechzeit 
von einer Mikrosekunde [MTZ Motortechnische Zeitschrift, Vol.31, 
Nr. 7, July 1970, page 329]" discloses a coaxially designed ther- 
mocouple, consisting of an inner thermo-wire and an outer thermo- 
wire in the shape of a tube member. The real measuring junction is 
constituted by a tiny plate member manufactured by vacuum vapor 
plating . 



A fundamental problem associated with all the embodiments of 
thermocouples mentioned herein before may be seen in the facts 
that they are of relatively complicated design, resulting in an 
expensive manufacturing process, and that at least one of the me- 
tallic parts constituting the thermocouple, usually the coaxial 
jacket, has to be provided with a connection junction. Such con- 
nection junctions, however, are undesirable since they evoke the 
danger of creating parasitic thermal voltages. 

Objects of the Invention 

It is an object of the present invention to provide a tem- 
perature sensor on the basis of a thermocouple constituted by two 
different metals that is of very simple design. 

It is a further object of the present invention to provide a 
temperature sensor on the basis of a thermocouple constituted by 
two different metals that may be connected directly to an electric 
or electronic measurement unit. 

It is still a further object of the present invention to pro- 
vide a temperature sensor on the basis of a thermocouple consti- 
tuted by two different metals that enables measuring temperatures 
with a very high accuracy. 

Finally, it is an object of the present invention to provide 
a temperature sensor on the basis of a thermocouple constituted by 
two different metals that has very small physical dimensions. 



Summary of the Invention 

To meet these and other objects, the present invention pro- 
vides a temperature sensor on the basis of a thermocouple consti- 
tuted by two different metals. 

The first metal is provided in the shape of an electrically 
insulated wire having an uninsulated portion, and the second metal 
is provided in the shape of a jacket member at least partially co- 
axially enclosing the electrically insulated wire. The jacket mem- 
ber is in electrical contact with the uninsulated portion of the 
above mentioned wire to thereby form a measuring junction. 

An electrically insulated carrier wire is provided, having a 
blank uninsulated portion, whereby the jacket member and the car- 
rier wire consist of the same metallic material. The jacket member 
further encloses the carrier wire at least in the region of the 
above mentioned blank uninsulated portion of the carrier wire, 
thereby being in electrical contact with the blank uninsulated 
portion of the carrier wire. 

In this way, a thermocouple can be designed, having a very 
small measuring junction and a very low mass. Due to the fact that 
the jacket member and the carrier wire consist of the same metal- 
lic material, and because the jacket member encloses the carrier 
wire in the region of the above mentioned blank uninsulated por- 
tion, an electrical contact with the blank uninsulated portion of 



the carrier wire can easily be established, avoiding any parasitic 
thermal voltages, and the carrier wire can be used as a connecting 
wire to the electric or electronic measuring unit. 

In the measuring junction of the thermocouple used in the 
temperature sensor according to the present invention, the error 
caused by radiation is considerably smaller than in a conventional 
measuring junction in which two wires or a wire and a tube member 
are soldered or welded together for constituting the measuring 
junction. Moreover, the temperature sensor according to the inven- 
tion reacts very quickly to temperature variations, thanks to its 
low mass; this can be a crucial advantage particularly when the 
barometric pressure is very low. Thus, the temperature sensor ac- 
cording to the invention is particularly suitable to be used in 
radio sondes climbing to very high altitudes. 



Brief Description of the Drawings 
In the following, an embodiment of the apparatus according to 
the invention will be further described, with reference to the ac- 
companying drawings, in which: 

Fig. 1 shows an embodiment of the temperature sensor of the 
invention in a schematic view; 

Fig. 2 shows an enlarged view of the front portion of the 
temperature sensor of Fig. 1 during a phase of manufacturing; and 
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Fig. 3 shows an enlarged view of the front portion of the 
temperature sensor of Fig. 1 in its final form. 

Detailed Description of a Preferred Embodiment 
Fig. 1 shows an embodiment of the temperature sensor in a 
schematic view, as it can be provided, for example, to be used in 
a radio sonde. As can be seen in the drawing, a straight portion 
of an electrically insulated copper wire 1 serves as a mechanical 
carrier for a second wire 2 made of a copper /nickel , known as 
"Constantan" . The wire 2 is electrically insulated as well and is 
wound on the carrier wire 1 in the form of a spiral . In the pre- 
sent example, the expression "electrically insulated" shall mean 
that the wires 1 and 2 are provided with an electrically insulat- 
ing lacquer layer; however, any other suitable form of electrical 
insulation might be used. 

The constantan wire 2 projects over the free front end of the 
electrically insulated carrier wire 1 by some centimeters, whereby 
the portion 3 of the wire 2 projecting over the wire 1 is in 
straight shape. The measurement junction is formed in the region 
of the free front end of the constantan wire 2 . The rear ends of 
the two wires 1, 2 can be connected directly to an electric or 
electronic measurement unit (not shown) . Preferably, the diameter 
of the carrier wire 1 is a multiple of the diameter of the con- 
stantan wire 2, such that the former one can be used, as shown in 



-li- 
the drawings, as a mechanical carrier means for the constantan 
wire 2 . 

Fig. 2 shows an enlarged view of the front portion of the not 
yet finished temperature sensor. The constantan wire 2 provided 
with an insulation layer 6 comprises a front portion 5 in which 
the insulation 6 was omitted or removed. Accordingly, the carrier 
wire 1 comprises a front portion with a blank section 5 in which 
the insulation 8 was omitted or removed. The length L of the 
straight portion of the constantan wire 2 amounts to a few centi- 
meters in the present example; however, it can be varied according 
to the special requirements of a particular application. Since the 
constantan wire 2 is provided with an insulation layer 6, except 
on its very front portion, it is made sure that no electrical con- 
tact exists between the two wires 1 and 2 along the blank portion 
7 of the carrier wire 1 . 

Fig. 3 shows the front portion of the temperature sensor ac- 
cording to Fig. 2 once it is finished. As can be seen from Fig. 3, 
the constantan wire 2 is provided with a coaxial jacket 10, 10a 
extending both along the straight portion of the constantan wire 2 
as well as the free blank end 7 of the carrier wire 1 and also in- 
cluding a part of its portion provided with the insulation layer 
8. The coaxial jacket 10, 10a consists of the same material as the 
carrier wire 1, in the present example copper, and provides an 
electrically conductive connection between the uninsulated portion 
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5 of the constantan wire 2 and. the blank portion of the carrier 
wire 1. Simultaneously, at the free end of the constantan wire 2, 
the real measuring junction is established, namely by the electri 
cal contact point between the uninsulated, portion 5 of the con- 
stantan wire 2 and the jacket 10. 

Preferably, the surface of the coaxial jacket 10 made of cop 
per can be provided with a highly reflective layer (not shown in 
the drawings) that reduces the absorption of radiation during the 
day and decreases the emission of infrared radiation during the 
night. Such layer can consist, for example, of a bright white lac- 
quer, of aluminum or of a precious metal. 

In a classical sense and according to the prior art teaching 
two metallic wires are used to form a measuring junction 4. In 
contrast thereto and according to the present invention, the one 
metal is constituted by an electrically insulated wire 2 with an 
uninsulated portion 5, and the second metal is constituted as a 
coaxial jacket 10 of the wire 2, whereby the jacket 10 is in elec- 
trical contact with the wire 2 at the region of its uninsulated 
portion 5, thereby forming the measuring junction 4. Thereby, a 
temperature sensor in the form of a thermocouple is created that 
is very small, whereby any welding or soldering operation for in- 
terconnecting the two metals is avoided. Due to the fact that the 
coaxial jacket 10 consists of the same material as the carrier 
wire 1, in the present example copper, the carrier wire 1 can als 
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be used as an electrical conductor without the danger that a fur- 
ther parasitic thermocouple is formed at the point of electrical 
contact 7 between jacket 10 and carrier wire 1. 

Since the measuring junction 4 is located at the free end of 
the constantan wire 2, the temperature sensor according to the in- 
vention also offers advantages with regards to its flow behavior, 
i.e. the measuring junction 4 can be freely exposed to the ambient 
air. As it is possible to manufacture wires having a diameter as 
small as 10 micrometers, the design of extremely small temperature 
sensors and thermocouples, respectively, is possible. Essentially, 
the final diameter of the thermocouple is determined by the diame- 
ter of the constantan wire 2 since the jacket 10, 10a can be ap- 
plied in thin film technique . 

It is understood that the temperature sensor as described 
herein before is only an example and does not have definitive 
character. For example, the pairing of the two metals constituting 
the thermocouple could be changed. 

The measuring junction 4 has not to be provided imperatively 
at the free end of the constantan wire 2, but could be somewhere 
along the straight portion 3 of the constantan wire 2 by providing 
a blank section thereof; in this case, the constantan wire 2 could 
be mechanically fixed at its free end. 

In a temperature sensor as herein before described and having 
the design according to the invention, the radiation error is con- 
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siderably less than in a conventional thermocouple in use nowa- 
days. Moreover, the temperature sensor according to the invention 
has, due to the low mass of the measuring junction, a very short 
time constant; thus, it reacts very quickly to temperature varia- 
tions of the ambient air. Tests have shown that temperature sen- 
sors can be manufactured by means of carefully adjusted manufac- 
turing methods which have an accuracy of better than ±0.1°K in the 
region of ±100°C, without individual calibration. 

The design of a temperature sensor according to the invention 
improves for example the accuracy of the radio sonde thermometry 
by a factor between five and ten. 

It is understood that the temperature sensor of the invention 
also can be used in completely different fields of applications 
other than the radio sonde thermometry. For example, applications 
in the fields of medicine, biology, physics, chemistry and so on 
are possible. 



